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EUROPEAN DIGITAL AUDIO BROADCAST RECEIVER HAVING A 
SIMPLY IMPLEMENTABLE FAST FOURIER TRANSFORM 
PROCESSOR AND AN OPERATION METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[01] The present invention relates to a European digital broadcast receiver, 
and more particularly to a fast Fourier transform (FFT) processor. The present 
application is based on Korean Patent Application No. 2002-79293, which is 
incorporated herein by reference. 

2. Description of the Prior Art 

[02] It is a trend with digital technology developments that broadcast 
methods are shifting from analog methods to digital methods. Some radio 
broadcasts have been done with digital transmission, while others are in 
preparation for digital transmission. The European digital audio broadcasts 
(DABs) employ orthogonal frequency division multiplexing (OFDM) for 
broadcast transmissions, and a fast Fourier transform (FFT) processor 
employed for the OFDM has FFT modes such as 256, 512, 1024, 2048, and so 
on, depending upon the number of input data. 

[03] The conventional fast Fourier transform processor has a memory 
address generation algorithm and a data butterfly operation algorithm, which 



are different, depending upon respective FFT modes for the fast Fourier 
transform. 

[04] For example, U.S. Patent Serial No. 6,035,313 entitled "Memory 
Address Generator for an FFT" applies the memory address generation 
algorithm in different ways depending upon respective FFT modes, which 
causes a problem of complicated process and implementation. 
[05] In the meantime, in general, there are the Radix-2 algorithm capable of 
processing input data of 2 n FFT such as 256, 512, 1024, 2048, and so on, and 
the Radix-4 algorithm capable of processing input data of 4 n FFT such as 256, 
1024, and so on, for the fast Fourier transform algorithms. The Radix-2 
algorithm has a disadvantage in that it has a relatively slow processing rate 
compared to the Radix-4 algorithm. Also, although the Radix-4 algorithm can 
process the input data of the 4 n FFT modes of 256, 1024 and so on, the Radix- 
4 algorithm has a disadvantage in that it can not process the input data of the 
2 n FFT modes of 512, 2048, and so on. In order to solve the above-described 
problem, the U.S. Patent Serial No. 5,473,556 entitled "Digit Reverse for 
Mixed Radix FFT" provides a mixed Radix structure combining the Radix-2 
structure and the Radix-4 structure for the algorithm structure. 
[06] However, such an algorithm structure combining the Radix-2 structure 
and the Radix-4 structure also has a problem of complicated implementation. 

SUMMARY OF THE INVENTION 
[07] In order to solve the above problems, it is an object of the present 
invention to provide a European digital audio broadcast receiver having a fast 



Fourier transform processor which is efficient and simply implementable and 
an operation method therefor. 

[08] In order to achieve the above object, a European digital audio 
broadcast receiver having diverse fast Fourier transform modes (FFTs) based 
on sizes of transmitted data according to the present invention comprises an 
address generator for generating the predetermined number of write addresses 
and read addresses; a fast Fourier transform (FFT) processor for repeating data 
of FFT modes to generate the predetermined number of data and 
implementing a fast Fourier transform (FFT) by using the predetermined 
number of data; and a controller for controlling the address generator to the 
write addresses and the read addresses according to operations of the FFT 
processor. 

[09] The predetermined number is 4096, and the FFT processor uses the 
4096 data to implement the fast Fourier transform. 

[10] The FFT processor includes a memory controller for repeating the data 
of FFT modes to generate 4096 data; a memory having a size capable of 
storing 2048 data; and an algorithm unit for using the 4096 data and 
implementing Radix-4 based operations, and, in the case that the read 
addresses are generated, the memory controller digit-reverses the addresses of 
the memory in correspondence to the read addresses. 

[11] The memory controller has a virtual memory storing data other than 
the 2048 data stored in the memory in order for the algorithm unit to 
implement the Radix-4 based operations, the algorithm unit implements the 



Radix-4 based operations, and, accordingly, "0" data blocks are stored in the 
virtual memory in correspondence to the EFT modes. 

[12] The memory controller digit-reverses the data operated on based on the 
Radix-4 algorithm and stored in the memory corresponding to the FFT modes. 
[13] In the case that a bit array of the read addresses from a highest bit to a 
lowest bit has {a u , ai 0 , a9, as, a 7 , a^, a 5 , a4, a 3 , a 2 , ai, ao} in 2048 FFT mode, 
the memory controller digit-reverses the bit array of the memory addresses 
from the highest bit to the lowest bit into {ai, a 3 , a 2 , a 5 , a4, a 7 , aa, a9, a 8 , an, 
aio}. 

[14] In the case that a bit array of the read addresses from a highest bit to a 
lowest bit has {an, ai 0 , a 9 , a 8 , a 7 , a6, a 5 , a4, a3, a 2 , ai, ao} in 1024 FFT mode, 
the memory controller digit-reverses the bit array of the memory addresses 
from the highest bit to the lowest bit into {0, a 3 , a 2 , as, a4, a 7 , a^, a 9 , a 8 , an, 
aio}. 

[15] In the case that a bit array of the read addresses from a highest bit to a 
lowest bit has {an, aio, a 9 , a 8 , a 7 , a$, a 5 , a4, a 3 , a 2 , ai, ao} in 256 FFT mode, the 
memory controller digit-reverses the bit array of the memory addresses from 
the highest bit to the lowest bit into {0, 0, 0, a 5 , a4, a 7 , a$, a 9 , a 8 , an, ai 0 }. 
[16] In the case that a bit array of the read addresses from a highest bit to a 
lowest bit has {an, aio, a 9 , a 8 , a 7 , a6, as, a4, a 3 , a 2 , ai, ao} in 512 FFT mode, the 
memory controller digit-reverses the bit array of the memory addresses from 
the highest bit to the lowest bit into {0, a 3 , 0, a 5 , a4, a 7 , a$, a 9 , a 8 , an, aio}. 
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[17] In the meantime, an operation method for a European digital audio 
broadcast receiver having diverse FFT modes based on sizes of transmitted 
data according to the present invention comprises steps of generating the 
predetermined number of write addresses; repeating data of FFT modes to 
generate the predetermined number of data in correspondence to the write 
addresses, and implementing a fast Fourier transform (FFT) by using the 
predetermined number of data; and generating the read addresses if the 
operation of the FFT step is completed. 

[18] The predetermined number is 4096, and the FFT step uses the 4096 
data to implement the fast Fourier transform. 

[19] The FFT step includes steps of repeating the data of FFT modes to 
generate 4096 data; using the 4096 data to implement Radix-4 based 
operations, and storing the implemented data in the memory in 
correspondence to the addresses of the memory; and digit-reversing, in the 
case that the read addresses are generated, the read addresses to the addresses 
of the memory corresponding to the read addresses. 

[20] The operation method further comprises a step of storing the 4096 data 
repeated in the operation step in the memory and the virtual memory for the 
Radix-4 based operations, and, according to a result of the operations of the 
operation step, "0" data blocks are stored in the virtual memory in 
correspondence to the FFT modes. 
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[21] The digit-reversing step digit-reverses the data operated on based on 
the Radix-4 algorithm and stored in the memory corresponding to the FFT 
modes. 

[22] The present invention has a fast Fourier transform processor of the 
same structure with respect to 2048, 1024, 256, and 512 FFT modes for the 
European digital audio broadcasts, to thereby simplify its hardware 
implementation. Further, the implementation of a fast Fourier transform 
processor having the same structure with respect to the respective FFT modes 
simplifies the operation controls of the fast Fourier transform. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[23] The present invention will be described in detail with reference to the 
following drawings in which like reference numerals refer to like elements, 
and wherein: 

[24] Fig. 1 is a block diagram for schematically showing a European digital 
audio broadcast receiver according to an embodiment of the present invention; 
[25] Fig. 2A to Fig. 2C are views for explaining an interpolation method 
applied to the receiver of Fig. 1; 

[26] Fig. 3 is a conceptual view for explaining an algorithm process based 
on the Radix-4 algorithm in the algorithm unit 430 of Fig. 1 ; 
[27] Fig. 4 is a view for showing the distributions of data stored in the 
memory 410 based on the Radix-4 algorithm in the case that the receiver of 
Fig. 1 has a 2048 FFT mode; 
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[28] Fig. 5 is a view for showing the distributions of data stored in the 
memory 410 based on the Radix-4 algorithm in the case that the receiver of 
Fig. 1 has a 1024 FFT mode; 

[29] Fig. 6 is a view for showing the distributions of data stored in the 
memory 410 based on the Radix-4 algorithm in the case that the receiver of 
Fig. 1 has a 256 FFT mode; 

[30] Fig. 7 is a view for showing the distributions of data stored in the 
memory 410 based on the Radix-4 algorithm in the case that the receiver of 
Fig. 1 has a 512 FFT mode; 

[31] Fig. 8 is a conceptual view for explaining a digit-reverse process in 
case of digit-reversing 4096 data into the Radix-4 algorithm structure; 
[32] Fig. 9A to Fig. 9C are conceptual views for explaining a digit-reverse 
process in the case that the receiver of Fig. 1 has a 2048 FFT mode; 
[33] Fig. 10A to Fig. 10C are conceptual views for explaining a digit- 
reverse process in the case that the receiver of Fig. 1 has a 1024 FFT mode; 
[34] Fig. 11A to Fig. 11C are conceptual views for explaining a digit- 
reverse process in the case that the receiver of Fig. 1 has a 256 FFT mode; 
[35] Fig. 12A to Fig. 12C are conceptual views for explaining a digit- 
reverse process in the case that the receiver of Fig. 1 has a 512 FFT mode; and 
[36] Fig. 13 is a flow chart for explaining an operation method for a 
European digital audio broadcast receiver according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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[37] Hereinafter, the present invention will be described in more detail. 
[38] A fast Fourier transform processor for a European digital audio 
broadcast receiver according to the present invention has properties as follows: 
[39] (1) The same Radix-4 algorithm is carried out with respect to diverse 
input data modes such as 2048, 1024, 256, and 512 for FFT computations so 
that the implementation of an algorithm unit for a FFT processor is simplified. 
[40] (2) an address generator generates 4096 addresses to apply the Radix-4 
algorithm to diverse FFT modes. 

[41] (3) Interpolation is done with 2048, 1024, 256, and 512 input data of 
diverse FFT modes into 4096 in use of the FFT duality property to prevent the 
increase of memory for a fast Fourier transform processor according to the 
4096 addresses. 

[42] (4) The Radix-4 algorithm is done in use of the interpolated 4096 data, 
and the digit-reverse function corresponding to each FFT mode is applied for 
digit-reversing. 

[43] Hereinafter, the above characteristics of the present invention will be 
described in detail with reference to the drawings. 

[44] Fig. 1 is a block diagram for schematically showing a European digital 
audio broadcast (DAB) receiver according to a preferred embodiment of the 
present invention, which has a receiver (not shown) receiving digital audio 
broadcast signals, a controller 200, an address generator 300, and a fast 
Fourier transform (FFT) unit 400. 
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[45] The receiver receives digital audio broadcast signals transmitted from a 
transmitter, and the FFT modes of the received broadcast signals are 2048, 
1024, 512, and so on. 

[46] The controller 200 controls the overall operations of the DAB receiver, 
and controls the FFT unit 400 to implement the fast Fourier transform (FFT) 
in correspondence to the FFT modes of input data received from the receiver 
100. 

[47] The address generator 300 generates 4096 addresses in correspondence 
to a control signal of the controller 200. That is, the address generator 300 
generates read and write addresses to implement the FFT of the FFT unit 400. 
[48] The FFT unit 400 has a memory 410 of a size corresponding to 2048 
data, an algorithm unit 430 for implementing Radix-4 based butterfly 
operations, and a memory controller 450. The memory controller 450 stores 
in the memory 410 data corresponding to the FFT modes of input data based 
on 4096 addresses generated from the address generator 300 to implement the 
Radix-4 based operations, and re-stores in the memory 410 data repeatedly 
implemented based on the Radix-4 algorithm in the algorithm unit 430. 
[49] In the meantime, the memory controller 450 digit-reverses the data 
implemented based on the Radix-4 algorithm and re-stored in the memory 
410, and outputs the re-stored data. That is, the memory controller 450 digit- 
reverses the addresses of the memory 410 in correspondence to the read 
addresses generated from the address generator 300 according to a control 
signal of the controller 200 and then outputs predetermined data. 
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[50] The operation principles [1] and [2] of the FFT unit according to an 
embodiment of the present invention will be described in detail with reference 
to the drawings and equations. 

[1] Interpolation is applied to the FFT unit. 
[51] When x (n) denotes input data and X (m) denotes a result of the FFT of 
x (n), the relation between the x (n) and X (m) can be established as Equation 
1. 

[Equation 1] 

N-\ _. 2Unm 

X(m) = X x&Wn™ where,W- m =e N 

[52] The input data x (n) can be expressed as in Equation 2 with an 
application of an interpolation upsampling process, which is one of the signal 
processing methods. 
[Equation 2] 

jc(m) = Jc(n/L), n = 0 ±L, ±2L,... 

0, otherwise 

Equation 2 can be expressed in Equation 3. 
[Equation 3] 

— i 

x(n) = ^x(k) S(n-kL), where 0<n<JV-l, N = 2 M 

k=0 

[53] Wherein the N denotes the number of input data to be processed, and 
Equation 3 can be expressed in Equation 4 through the FFT. 
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[Equation 4] 
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[54] Comparing an FFT result preceding the interpolation in each interval m 
based on the above equation 4 shows a certain periodical repetition. First of 
all, in case of values m with 0<m<N/L-l ,the result of the above 
Equation shows equals the FFT result preceding the interpolation. In case of 
the values m with N/L <m <2N /L - 1 , the following Equation 5 is applied. 
[Equation 5] 



[55] Referring to Equation 5, the FFT result preceding the interpolation is 
the same. 

[56] As described above with Equations 1 to 5, upsampling with a certain 
coefficient and fast-Fourier-transforming time domain data, the data preceding 




N 

where, 0 < / < 1 
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the interpolation results in repetitive data preceding the interpolation by the 
upsampled coefficient. 

[57] The FFT result based on the interpolation is described with reference 
to the spectrum diagrams shown in Fig. 2A to Fig. 2C. First, Fig. 2A shows a 
spectrum diagram of input data in time domain in case of a 1024 FFT mode. 
The 1024 input data shown in Fig. 2A is upsampled by 4 to 4096 data as 
shown in Fig. 2B. Thereafter, the 4096 data shown in Fig. 2B is fast-Fourier- 
transformed to convert time domain data into frequency domain data. That is, 
the 4096 data is four times repeated with a period of the 1024 input data 
preceding the interpolation. 

[58] In the meantime, the fast Fourier transform has the duality property. 
The duality property is the property that, when X (m) is referred to as an FFT 
result of x (n), an FFT result of X (m) becomes the x (n). 

[59] If the fast Fourier transform is done with the interpolation that four 
times repeats the 1024 input data of time domain, data of 3 zeros is inserted 
and distributed between the 1024 input data in frequency domain according to 
the FFT duality property (refer to Fig. 2B). 

[60] The application of the interpolation according to such a duality 
property is described below. 

[61] In order for an FFT processor to perform the same Radix-4 algorithm 
on diverse input data modes such as 2048, 1024, 256, and 512, the address 
generator 300 generates the same addresses from 0 to 4095 for 2048, 1024, 
256, and 512 input data. According to this, the memory controller 450 
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interpolates the diverse input data to 4096 data. That is, the memory 
controller 450 repeats the interpolation on the input data twice for the 2048 
mode, four times for the 1024 mode, 16 times for the 256 mode, and 8 times 
for the 512 mode. 

[62] Accordingly, the memory 410 capable of storing 2048 data stores data 
corresponding to the addresses from 0 to 2047 from the data addressed 0 to 
4095. At this time, the memory controller 450 stores, in a virtual memory, 
data corresponding to the addresses from 2048 to 4095. That is, the data 
substantially stored in the memory 410 are data addressed from 0 to 2047, and 
the rest of the data addressed from 2048 to 4095 is not stored in the memory 
410 but acknowledged by the memory controller 450 only. 
[63] As above, the algorithm unit 430 implements butterfly operations 
based on the Radix-4 algorithm with 4096 data stored in the memory 410 and 
the virtual memory of the memory controller 450. 

[64] Fig. 3 is a conceptual view for explaining the butterfly operations 
based on the Radix-4 algorithm, and the operations based on the Radix-4 
algorithm can be expressed in Equation 6 below with reference to Fig. 3. 
[Equation 6] 

X (4k) = x(n) + x(^- -fn) + x(— + n) + x(— + n) 
4 2 4 

X (4k + 1) = x(n) - j • x(— + n) - x(— - n) + j • x(— + n) 

4 2 4 

X(4k + 2) = x(n) - jc(— - n) + jc(— - n) - jc(— + n) 
4 2 4 

X(4k + 3) = x(n)+jx(^ + n)-x(— + n)-jx(— + n) 

4 2 4 
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[65] Hereinafter, descriptions will be made on an operation process based 
on the Radix-4 algorithm for the respective 2048, 1024, 256, and 512 FFT 
modes in the algorithm unit 430 with reference to the drawings and equations. 
[66] First, detailed descriptions will be made on an operation process based 
on the Radix-4 algorithm in the 2048 mode with reference to Fig. 4. 
[67] Received 2048 input data is stored in the memory 410 of the fast 
Fourier transform process 400. Thereafter, if a control signal for a fast Fourier 
transform is inputted to the address generator 300 from the controller 200, the 
address generator 300 generates 4096 addresses. The memory controller 450 
stores interpolated 4096 data in the memory 410 and the virtual memory in 
correspondence to 4096 addresses. That is, the memory controller 450 stores 
2048 input data from 0 to 2047 in the 4096 address structure shown in (A) of 
Fig. 4, and stores 2048 input data addressed from 2048 to 4095 in the virtual 
memory. 

[68] Thereafter, the algorithm unit 430 implements the butterfly operations 
based on the Radix-4 algorithm. In general, the Radix-4 algorithm repeats the 
butterfly operations as many times as log4 (FFT size) for the entire data. 
Accordingly, the butterfly operations are implemented 6 times for the 4096 
data. An operation result can be expressed as in Equation 7 below, and 4096 
data accordingly operated are re-stored as shown in (B) of Fig. 4. 
[Equation 7] 
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N N 
X (4k) = x(n) + x( — + n) + x(n) + x( — + n) 
4 4 

X(4k + 1) = jc(n) - j • jc(— + n) - jc(n) + j • x(— + n) = 0 

4 4 

N N 
X(4k + 2) = jc(n) - jc(— + w) + x(n) - *( — + n) 
4 4 

X(4k + 3) = jc(n) + y • x( — + n) - ;t(n) - 7 • x( = 0 

4 4 

[69] As shown in the operation result of Equation 7, if interpolated 4096 

data is implemented with the Radix-4 algorithm, data exist only in the 

addresses of X (4k) and X (4k+2) out of total 4096 addresses, and only "0" 

exists in the addresses of X (4k+l) and X (4k+3). The operations for the 

entire stages result in the presence of data in the addresses of X (4k) and X 

(4k+2) only. Accordingly, the memory 410 has 2048 data re-stored in 

correspondence to the addresses of X (4k) and X (4k+2). 

[70] Second, detailed descriptions will be made on an operation process 

based on the Radix-4 algorithm in the 1024 mode with reference to Fig. 5. 

[71] The address generator 300 generates 4096 addresses and the 

interpolated 4096 data corresponding to the 4096 address structure is stored in 

the memory 410 and the virtual memory. That is, as shown in (A) of Fig. 5, 

1024 data is four times repeated and stored in the addresses from 0 to 4096. 

At this time, the virtual memory of the memory controller 450 has addresses 

from 2048 to 4095, and 2048 data stored in the virtual memory becomes data 

acknowledged by the memory controller 450 only. 

[72] As above, the interpolated 4096 data is the same as shown in (A) of 
Fig. 5, and the algorithm unit 430 implements the butterfly operations based 
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on the Radix-4 algorithm in use of 4096 data. The result of the stage operation 
with the Radix-4 algorithm can be expressed as the Equation 8 below, and the 
subsequently re-stored data in 4096 address structure is the same as shown in 
(B) of Fig. 5. 

[Equation 8] 

X (4k) = x(n) + x(n) + x(n) + x(n) = 4x(n) 
X(4k + 1) = x(n) - j • x(n) - x(n) + j • x(n) = 0 
X(4k + 2) = - x(rc) + jc(n) - x(n) = 0 
X(4it + 3) = x(n) + j • x(n) - x(n) - j • = 0 

[73] Referring to the Equation 8, by operating the interpolated 4096 data 
with the Radix-4 method, data exist in the addresses of X (4k) of the entire 
4096 address structure only, while there is '0' data in the addresses of X 
(4k+l), X (4k+2) and X (4k+3). The operations for the entire stages will also 
have the 1024 input data re-stored only in the addresses of X (4k). 
Accordingly, the 1024 data corresponding to the addresses of X (4k) are re- 
stored in the memory 410. 

[74] Third, detailed descriptions will be made on an operation process 
based on the Radix-4 algorithm in the 256 mode with reference to Fig. 6A to 
Fig. 6C. 

[75] The address generator 300 generates 4096 addresses and stores in the 
memory 410 and the virtual memory interpolated 4096 data corresponding to 
the 4096 address structure. That is, in the 4096 address structure shown in (A) 
of Fig. 6, 256 data is eight times repeated and stored at the addresses from 0 to 
2047, and 256 data is eight times repeated and stored at the addresses from 
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2048 to 4095 in the virtual memory acknowledged by the memory controller 
450 only. 

[76] As above, as shown in (A) of Fig. 6, 256 data is 16 times repeated to 
have the 4096 address structure depending upon an interpolation method, and 
the algorithm unit 430 implements the Radix-4 based butterfly operation 
accordingly. Referring to the operation results of the aforementioned 2048 
and 1024 modes, it can be seen that the Radix-4 based operations are 
independently implemented by one fourth after one stage. 
[77] According to such a Radix-4 based operation property, the 4096 data in 

(A) of Fig. 6 is operated in one stage so that data exists at the addresses from 0 
to 1023 only as shown in (B) of Fig. 6, which brings the same result as the 
operation result of the 1024 mode, as previously described (refer to (A) and 

(B) of Fig. 5). Accordingly, the operation result can be expressed in Equation 
8, and, accordingly, data is re-stored in only the X (41) area addressed from 0 
to 255 in the 4096 address structure, as shown in (C) of Fig. 6. 

[78] Fourth, detailed descriptions will be made on a Radix-4 based 
operation process in the 512 mode with reference to Fig. 7. 
[79] The address generator 300 generates 4096 addresses and stores 
interpolated 4096 data in the memory 410 and the virtual memory in 
correspondence to the 4096 address structure. That is, in the 4096 address 
structure as shown in (A) of Fig. 7, 512 data is repeated four times and stored 
at the addresses from 0 to 2047, and the 512 data is also repeated four times 
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and stored at the addresses from 2048 to 4095 in the virtual memory 
acknowledged by only the memory controller 450. 

[80] As aforementioned, depending on interpolation operations, as shown in 
(A) of Fig. 7, the 512 data is repeated eight times to have the 4096 address 
structure, for which the algorithm unit 430 implements the Radix-4 based 
butterfly operations. With the Radix-4 based operation property, the 4096 
data in the (A) of Fig. 7 exists at the addresses from 0 to 1023 as shown in (B) 
of Fig. 7 after one stage, stage 1, which is the same as the operation result of 
the aforementioned 2048 mode (refer to (A) and (B) of Fig. 4). Accordingly, 
the operation result can be expressed as in Equation 7, and, according to this, 
the data in the 4096 address structure is re-stored in X (41) addressed from 0 to 
255, and X (41+2) addressed from 512 to 767 as shown in (C) of Fig. 7. 
[81] As stated above, with the application of interpolation operations to the 
fast Fourier transform, the input data in diverse FFT modes such as 2048, 
1024, 256, and 512 is interpolated to 4096 data, and the same Radix-4 
algorithm is implemented for the 4096 data, so that the implementation and 
operations of the fast Fourier transform unit (400) can be simplified. Further, 
if the data re-stored in the memory 410 and the virtual memory after the 
applications of the interpolation and the Radix-4 algorithm has blocks of data 
of "0", the blocks of "0" data are stored in the virtual memory. Accordingly, 
the increase of the memory 410 for the 4096 addresses can be also prevented. 
[2] A digit-reverse process of the FFT unit is described as below. 
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[82] In general, in case of implementing the fast Fourier transform for 4096 
data with the Radix-4 algorithm, the digit-reverse process is the same as 
shown in Fig. 8. In here, {an, aio, as>, ag, a7, a$, as, a4, a3, a 2 , ai, ao} is a read 
address that the address generator 300 generates, and, for example, a2 becomes 
a 3-bit value of the read address. 

[83] In the meantime, {bii, bio, b 9 , b 8 , b 7 , b 6 , b 5 , b 4 , b 3 , b 2 , bi, bo} is an 
address digit-reversed for the read address, and the b 2 becomes a 3-bit value of 
the digit-reversed address. 

[84] Together with Fig. 8, descriptions will be made on the digit-reverse 
process for the data re-stored in the memory 410 based on respective FFT 
modes with reference to drawings. 

[85] First, referring to Fig. 9A to Fig. 9C, a digit-reverse process for the 
2048 mode will be described. 

[86] 2048 input data are repeated to 4096 data, and the repeated 4096 data 
are fast-Fourier-transformed, to thereby have an interpolation format in which 
"0" data is inserted among 2048 data as shown in Fig. 9A. In the meantime, 
the address structure of data re-stored in the memory 410 as a result of the 
Radix-4 based operations for the 4096 data has a format in which data exists 
only at the addresses from 0 to 1024 and the addresses from 2048 to 3071 as 
shown in Fig. 9B. 

[87] That is, the data corresponding to the address (refer to "Memory read 
address" of Fig. 9A) read from the address generator 300 by the control of the 
controller 200 and the address of the memory 410 at which the data is 
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substantially stored are different from each other, so that the digit-reverse 
process is implemented. 

[88] The lowest 2-bit values of {ai, ao} of the memory read address 
generated from the address generator 300 are {0, 1 } and {1, 1 }, which is a part 
with "0" inserted by the interpolation as shown in Fig. 9A, and the digit- 
reverse process is omitted with respect to the part. 

[89] Meanwhile, if the lowest 2-bit value of {ai, ao} of the memory read 
address read by the address generator 300 is {0, 0} and digit-reversed, the 
highest 2-bit values of {bn, bio} of the internal read address of the memory 
410 become an area of {0, 0} as shown in Fig. 9B. Accordingly, in the case 
that an address having a {0, 0} as the lowest 2-bit value of {ai, ao} is read, the 
memory controller 450 digit-reverses the highest 2-bit value of {bn, bio} of 
the internal read address into an address of {0, 0}. 

[90] If a {1, 0} as the lowest 2-bit value of {ai, ao} of the memory read 
address is digit-reversed, the highest 2-bit value of {bn, bi 0 } of the internal 
read address of the memory 410 becomes an area of {1, 0} as shown in Fig. 
9B. However, the area of {1, 0} as the value of {bn, bio}, is an address in the 
virtual memory area addressed from 2048 to 3071, so the addresses from 1024 
to 2047 with 1024 addresses subtracted are digit-reversed. That is, in the case 
that the lowest 2-bit value of {ai, ao} reads an address of {1, 0}, the memory 
controller 450 digit-reverses the highest 2-bit value of {bn, bi 0 } of the 
memory address into an address of {0, 1 }. 
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[91] Fig. 9C is a conceptual view for showing a digit-reverse process for the 
2048 mode, which shows the internal read address of the memory 410 digit- 
reversed by the memory controller 450 with respect to the memory read 
address read by the address generator 300 through the control of the controller 
200. As shown in Fig. 9C, the digit-reversed address of the memory 410 has a 
"0" for a value of the highest bit of {b n } all the time. Accordingly, the 
internal read address can have an 11 -bit address corresponding to the 2048 
addresses, the size of the memory 410. 

[92] Second, descriptions are made on a digit-reverse process for the 1024 
mode with reference to Fig. 10A to Fig. IOC. 

[93] If the 1024 input data are repeated to 4096 data and the repeated 4096 
data is fast-Fourier-transformed, an interpolation format is formed in which 
three "0" data is inserted among the 1024 data as shown in Fig. 10A. 
Meanwhile, as the Radix-4 algorithm is implemented with respect to the 4096 
data, the address structure for data re-stored in the memory 410 is formed to 
have data existing among the addresses from 0 to 1023, as shown in Fig. 10B. 
[94] That is, the data corresponding to address (refer to "Memory read 
address" of Fig. 10A) read by the address generator 300 through the control of 
the controller 200 and the address of the memory 410 at which the data is 
substantially stored do not match each other, so that the digit-reverse process 
is implemented. 

[95] In the case that the values of the lowest 2 bits of {a t , ao} of the 
memory read address read by the address generator 300 are {0, 1 }, { 1, 0}, and 
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{1, 1}, the digit-reverse process is omitted since "0" is inserted by the 
interpolation as shown in Fig. 10A. 

[96] Meanwhile, if the digit-reverse process is implemented in the case that 
the lowest 2-bit value of {aj, ao} of the memory read address is {0, 0}, the 
highest 2-bit value of {bn, bio} of the address of the memory 410 as shown in 
Fig. 10B becomes an area of {0, 0}. Accordingly, in the case that the lowest 
2-bit value of {a 1? ao} reads the address of {0, 0}, the memory controller 450 
digit-reverses the highest 2-bit value of {bn, bio} of the internal read address 
to an address of {0, 0}. 

[97] Fig. 10C is a conceptual view for showing a digit-reverse process for 
the 1024 mode, which shows the internal read address digit-reversed by the 
memory controller 450 with respect to the memory read address read by the 
address generator 300 through the control of the controller 200. As shown in 
Fig. 10C, the highest 2-bit value of {bn, bi 0 } of the digit-reversed address of 
the memory 410 becomes "0" all the time. Accordingly, the internal read 
address can have an 11-bit address corresponding to the 2048 addresses, the 
size of the memory 410. 

[98] Third, descriptions will be made on the digit-reverse process for the 
256 mode with reference to Fig. 11A to Fig. 11C. 

[99] If the 256 input data is repeated to the 4096 data and the repeated 4096 
data is fast-Fourier-transformed, an interpolation format is formed in which 15 
"0" data are inserted among the 256 data as shown in Fig. 11 A. Meantime, as 
a result of the Radix-4 based operations with respect to the 4096 data, the 
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address structure of the data re-stored in the memory 410 has a format in 
which data exists only at the addresses from 0 to 255 as shown in Fig. 11B. 
[100] That is, the data corresponding to the address (refer to the "Memory 
read address" of Fig. 11 A) read by the address generator 300 through the 
control of the controller 200 and the address of the memory 410 (refer to the 
"Internal read address" of Fig. 11B) at which the data is substantially stored do 
not match each other, so that the digit-reverse process is implemented. 
[101] In the case that the lowest 4-bit values of {a3, a2, ai, ao} of the memory 
read address read by the address generator 300 range from {0, 0, 0, 1 } to { 1, 1, 
1, 1}, the digit-reverse process is omitted since "0" is inserted by the 
interpolation as shown in Fig. 1 1 A. 

[102] In the meantime, if the lowest 4-bit value of {a 3 , a 2 , ai, ao} of the 
memory read address is {0, 0, 0, 0} and the digit-reverse process is 
implemented, the highest 4-bit value of {bn, bio, bp, bg} of the address of the 
memory 410 (internal read address) shown in Fig. 11B becomes an area of {0, 
0, 0, 0}. Accordingly, in the case that the lowest 4-bit value of {a 3 , a 2 , ai, ao} 
reads {0, 0, 0, 0}, the memory controller 450 digit-reverses the highest 4-bit 
value of {bn, bio, b 9 , bg} of the memory address (internal read address) to an 
address of {0,0, 0,0}. 

[103] Fig. 11C is a conceptual view for showing a digit-reverse process for 
the 256 mode, which shows the address of the memory 410 (the internal read 
address) digit-reversed by the memory controller 450 with respect to the 
memory read address read by the address generator 300 through the control of 
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the controller 200. As shown in Fig. 11C, the highest bit value of {bn } of the 
digit-reversed address of the memory 410 becomes "0" all the time. 
Accordingly, the memory address (the internal read address) can have an 11- 
bit address corresponding to the 2048 addresses, the size of the memory 410. 
[104] Fourth, descriptions will be made on the digit-reverse process for the 
512 mode with reference to Fig. 12A to Fig. 12C. 

[105] If the 512 input data are repeated to the 4096 data and the repeated 
4096 data are fast-Fourier-transformed, an interpolation format is formed in 
which 7 "0" data are inserted among the 512 data as shown in Fig. 12A. 
Meantime, as a result of the Radix-4 based operations with respect to the 4096 
data, the address structure of the data re-stored in the memory 410 has a 
format in which data exists only at the addresses from 0 to 255 and from 512 
to 767 as shown in Fig. 12B. 

[106] That is, the data corresponding to the address (refer to the "Memory 
read address" of Fig. 12A) read by the address generator 300 through the 
control of the controller 200 and the address of the memory 410 (refer to the 
"Internal read address" of Fig. 12B) at which the data is substantially stored do 
not match each other, so that the digit-reverse process is implemented. 
[107] In the case that the values of {a 3 } of the 11 bits of the address (the 
memory read address) read by the address generator 300 are {0} and { 1 }, data 
exits, and the other addresses are ones in which "0" data is inserted by the 
interpolation. Accordingly, the digit-reverse process is omitted with respect to 
the address at which "0" data is inserted. 
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[108] In the meantime, if the {a 3 } value of the lowest 4-bit value of {a3, a 2 , 
aj, ao} of the memory read address is {0} and {1} and the digit-reverse 
process is implemented, the highest 4-bit value of {bn, bio, bs>, b%} of the 
address of the memory 410 (internal read address) shown in Fig. 12B becomes 
an area of {0} and {1}, that is, the addresses from 0 to 255 and from 514 to 
767. Accordingly, in the case that an address {a 3 , 0, 0, 0} of the lowest 4-bit 
value of {a 3 , a 2 , ai, ao} is read, the memory controller 450 digit-reverses the 
highest 4-bit value of {bn, bio, bs>, bg} of the memory address (internal read 
address) to an address of {0, 0, b 9 , 0}. 

[109] Fig. 12C is a conceptual view for showing a digit-reverse process for 
the 512 mode, which shows the address of the memory 410 (the internal read 
address) digit-reversed by the memory controller 450 with respect to the 
memory read address read by the address generator 300 through the control of 
the controller 200. As shown in Fig. 12C, the highest bit value of {bn} of the 
digit-reversed address of the memory 410 becomes "0" all the time. 
Accordingly, the memory address (the internal read address) can have an 11- 
bit address corresponding to the 2048 addresses, the size of the memory 410. 
[110] As described above, data stored in the memory 410, mode by mode, 
can be read by using the digit-reverse process corresponding to FFT modes. 
[Ill] Hereinafter, an illustrative operation process for a European digital 
audio broadcast receiver according to the present invention is described with 
the 2048 mode of the FFT modes. 
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[112] First, if 2048 data is received in the 2048 mode (S100), the controller 
200 stores the 2048 data in the memory 410 for the fast Fourier transform 
(S200). Thereafter, a control signal is inputted to the address generator 300 
and the fast Fourier transform unit 400 to implement a fast Fourier transform 
(S300). Accordingly, the address generator 300 generates the 4096 addresses 
(S400), and the memory controller 450 interpolates the 2048 data into 4096 
data corresponding to the 4096 addresses and stores the interpolated 4096 data 
in the memory 410 and the virtual memory of the memory controller 450 
(S500). 

[113] As shown above in (A) of Fig. 4, the 2048 data is twice repeated and 
stored in the 4096 address structure. The algorithm unit 430 applies and 
implements the Radix-4 algorithm based on the 4096 data (S600). That is, as 
shown in (B) of Fig. 4, the 2048 data is distributed at the addresses from 0 to 
1023 and from 2048 to 3071, and 0 data blocks are distributed at the addresses 
from 1024 to 2047 and from 3072 to 4095. As a result of the Radix-4 
algorithm based operations on the repeated 4096 data, "0" data blocks are 
stored so that the increase of the memory 410 can be prevented. Further, since 
the "0" data does not affect the operation result any more, the data stored in 
the memory 410 after as many times repetitive operations as log 4 (FFT size) 
becomes the same as shown in (B) of Fig. 4. 

[114] If the Radix-4 based operations are completed, the address generator 
300 generates the memory read address by the control of the controller 200. 
At this time, the memory read address is different from the memory address 
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(internal read address) at which data is operated based on the Radix-4 
algorithm and substantially stored in the memory 410, so that the memory 
controller 450 implements a digit-reverse process (S700). As shown above in 
Fig. 9 A and Fig. 9B, the memory read address and the memory address 
(internal read address) are different so that the digit-reverse process is 
implemented in the manner shown in Fig. 9C. Accordingly, the 2048 data 
corresponding to the 2048 mode are read and outputted so that the fast Fourier 
transform is completed. Of course, the same operation process is applied to 
1024, 256, and 512 modes. 

[115] As stated above, the fast Fourier transform process for a European 
digital audio broadcast receiver according to a preferred embodiment of the 
present invention has properties as follows. 

[116] First, the respective 2048, 1024, 256, and 512 input data FFT modes 
are repeated to 4096 data to implement the fast Fourier transform so that 
output data has an interpolation format, and the same Radix-4 based operation 
is implemented with respect to the respective FFT modes for the fast Fourier 
transform. Therefore, the size increase of the memory 410 for the 4096 data 
can be prevented, to thereby maintain the existing memory size. Accordingly, 
the implementation and operation control of the fast Fourier transform unit are 
simplified. 

[117] Second, as in the embodiments, the respective digit-reverse processes 
are applied with respect to the 2048, 1024, 256, and 512 FFT modes so that 
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the EFT modes can be digit-reversed. Accordingly, the implementation and 
operation control of the fast Fourier transform unit become simplified. 
[118] The present invention has the same fast Fourier transform unit for the 
2048, 1024, 256, and 512 FFT modes of European digital audio broadcasts so 
its hardware implementation is simplified. 

[119] Further, the implementation of the fast Fourier transform having the 
same structure for the respective FFT modes simplifies the operation controls 
of the fast Fourier transform. 

[120] While the invention has been shown and described with reference to a 
certain preferred embodiment thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the 
appended claims. 
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